Purpose: The purpose of this study was to compare and correlate sagittal condylar guidance determined by intraoral gothic arch tracing method and panoramic radiograph in edentulous patients. Materials and Methods: Twelve completely edentulous patients were selected by the inclusion and exclusion criteria. Conventional steps in the fabrication of complete denture till jaw relation were carried out. Intraoral gothic arch tracing and protrusive interocclusal records were obtained for each patient. Protrusive interocclusal record was used to program the Hanau Wide-Vue semi-adjustable articulator, thus obtaining the sagittal condylar guidance angle. Using RadiAnt DICOM software, on the orthopantomogram obtained for each patient in the study, two reference lines were drawn. The Frankfort's horizontal plane and the mean curvature line (joining the most superior and the inferior points on the glenoid fossa curvature) were drawn. The mean curvature line was extended to intersect the Frankfort's horizontal plane, thus obtaining the radiographic sagittal condylar guidance angle. The condylar guidance angles obtained by these two methods were compared and subjected to paired t-test. Results: There was no statistically significant difference between the sagittal condylar guidance angles obtained between right and left sides with intraoral gothic arch tracing and radiographic methods (P = 0.107 and 0.07, respectively). Conclusion: Within the limitations of this study, it was concluded that the protrusive condylar guidance angles obtained by panoramic radiograph may be used for programming semi-adjustable articulators.
Comparison of sagittal condylar guidance by intraoral gothic arch tracing method and panoramic radiograph the condylar guidance in comparison with the conventional clinical methods for reasonable accuracy.
MATERIALS AND METHODS
The sample size 12 was selected based on standard deviation of 3.9, precision of 2, and confidence level of 95%. Twelve edentulous patients reporting to the Department of Prosthodontics of Yenepoya Dental College who gave consent to participate in the study were selected based on inclusion and exclusion criteria.
Inclusion criteria
• Completely edentulous patients • Clinically symmetric ridges.
Exclusion criteria
• Temporomandibular or craniocervical disorders • Any pathologic condition involving the oral soft or hard tissues • History of craniofacial trauma or surgery • Gross asymmetry of the face.
Intraoral gothic arch tracing method (clinical method)
Conventional steps in the fabrication of complete dentures were carried out till jaw relation. Hanau Wide-Vue semi-adjustable articulator along with Hanau ™ Springbow (Whip Mix Corporation, USA) was used in this study. Facebow registrations were accomplished using the standard technique, [7] and maxillary cast was mounted using indirect technique. After tentative jaw relation, mandibular cast was mounted to articulator using centric relation record, and the intraoral tracers were attached to the occlusion rims. Center-bearing plate on maxillary occlusal rim and center bearing point on mandibular occlusal rim were attached. The patients were trained to give the intraoral gothic arch tracings, and interocclusal records were made with quick setting dental plaster [ Figure 1 ].
The centric locks and the horizontal inclinations of the condylar guidance on the articulator were loosened
INTRODUCTION
To create optimum esthetics, function and phonetics in complete denture fabrication, it is necessary to record accurate maxillomandibular relationship. [1] Any errors made while taking maxillomandibular jaw relation records will result in dentures that are uncomfortable and possibly, unwearable.
The methods used for recording centric relation can be classified as (1) static, (2) graphic, (3) functional, and (4) cephalometric. Among these, interocclusal wax record (static) and the graphical methods are the most commonly used methods. [2] Gothic arch tracing is the most commonly used graphic method and is considered as the ideal method in programming the articulator. It is one-dimensional graphic tracing method usually recorded in horizontal plane and can be recorded intraorally and extraorally. Intraoral tracing (Gothic arch tracing) is a preferred method of obtaining consistent positions of the mandible in motion (retrusive, protrusive, and lateral) at a comfortable VDO. This is based on the concept of attaching a stylus (Central Bearing Pointer) to one occlusal rim and a plate (Central Bearing Plate) to other rim. The stylus traces or marks the path in the plate as the mandible performs excursive movements from the centric position. The tracing is typically in the shape of a "gothic arch" or arrowhead. [3] However, it is difficult to use gothic arch tracing method in cases of decreased interarch space, temporomandibular joint (TMJ) arthropathy, abnormal jaw relation, severely resorbed ridge, and excessive flabby ridges. [4, 5] Hence, an alternative method of radiographs is used to obtain sagittal condylar guidance angle.
Orthopantomographs (OPGs) are one of the commonly used radiographs to determine condylar guidance angle. The outline of the articular eminence and the glenoid fossa of the temporal bone have been evaluated on the panoramic radiographs, and it is proposed to be of valuable aid in setting the condylar guidance in semi-adjustable articulators. [6] The use of panoramic radiographs can overcome the shortcomings of the conventional clinical methods used to determine the condylar guidance. The clinical implication of these studies needs to be compared for reasonable accuracy.
Therefore, the main aim of this study is to evaluate the feasibility to use the panoramic radiographs to determine before programming the articulator. The protrusive interocclusal records were used to program the articulator, and the record was seated onto the lower occlusal rim, and the upper member was guided onto the imprint of occlusal record. The right and left condylar guidance were rotated back and forth to accurately seat the upper and lower rims into the protrusive relation record. Before tightening, the thumb net for horizontal inclination, we made sure that the occlusal rims were seated properly without rocking; and then, protrusive relation record was removed. Thus, condylar guidance on both the sides of articulator was set [ Figure 2 ]. The right-and left-side condylar guidance angles were tabulated for all the 12 patients.
Radiographic method
An OPG was made for each patient. For measuring the condylar guidance angle, RadiAnt DICOM software was used. On this OPG, two reference lines were drawn, the first reference line was Frankfort horizontal plane drawn on the right and left sides. The second reference line was drawn by joining the most superior and most inferior point on the glenoid fossa curvature, and this line was extended to intersect the Frankfort's horizontal plane to obtain radiographic condylar guidance angle [ Figure 3 ].
The condylar guidance angle obtained by these two methods was evaluated using descriptive statistics and comparison between the data obtained was done using paired t-test. Table 1 shows the condylar guidance angles and standard deviations measured by the radiographic and intraoral gothic arch tracing methods. Table 2 shows the correlation between the condylar guidance angle measured by intraoral gothic arch tracing method and radiographic method. The comparison of mean condylar guidance angles between the right side of the intraoral gothic arch tracing method and radiographic method and the left side of the intraoral gothic arch tracing method and radiographic method (P = 0.107 and P = 0.007, respectively) were not statistically significant (P < 0.05).
RESULTS

DISCUSSION
In the present study, a significant positive correlation was observed between the condylar guidance angle acquired using intraoral gothic arch tracing and radiographic methods for both right (P = 0.107) and left sides (P = 0.07). These findings were in accordance with the studies done by Weinberg [8] and Gilboa et al. [6] as they reported a high degree of correlation between articular eminences anatomically and radiographically and suggested that the inclination of the articular eminence in a panoramic image may coincide with the anatomic articular eminence. They also stated that compared to clinical methods, radiographic measurement has the advantage of using stable bony landmarks and ability of being standardized and repeatable.
In contrast to this, Christense and Slabbert [9] and Brewka [10] in their studies have concluded that radiographically obtained sagittal condylar guidance always has a greater mean value than intraoral/clinical technique. They stated that the important reason for the inconsistency of intraoral methods may be that, regardless of the material used, horizontal condylar angle changes with the degree of protrusion, and the intraoral record represents only one point along the condylar path. Furthermore, the difference in the results of their study with that of the present study could be the method used to derive condylar guidance angle on the radiograph which was digital using a software in this study as against manual method used by them.
Galagali et al. [11] also reported a correlation between the condylar guidance angles obtained by protrusive interocclusal records, panoramic radiograph, and the lateral cephalogram radiograph methods. They found that lateral cephalogram radiographs were more positively related than the panoramic radiograph, and the values of lateral cephalogram radiographs were closer to the interocclusal records on the articulator as separate radiographs for the left and right side were taken, making the amount and quality of image distortionless.
The average condylar guidance angle obtained in this study by the intraoral gothic arch tracing method was 26.33° on the right side and 26.67° on the left side. The mean condylar guidance angles obtained using the radiographic method was 28.77° on the right side and 29.48° on the left side. In support of these results, el-Gheriani and Winstanley [12] and Zamacona et al. [13] have also reported significant variation between the left and right condylar guidance angles. This is because the right and left eminences seldom have exactly the same slants, contours, and declivities. [14] In contrast to this, a bilateral symmetry of the right and left sagittal condylar guidance angle (31°) on both sides has also been reported using protrusive interocclusal records in a study by Donegan and Christensen. [15] There are some limitations of the radiographic method concerning panoramic distortion, reference plane orientation, and difficulty in distinguishing the articular eminence outline from the zygomatic arch. [16] [17] [18] Further, the articular eminence inclination in the radiographic image was traced by a line joining the heights of curvature in the glenoid fossa and the articular eminence to represent the mean sagittal condylar path inclination. This may be different from the guiding inclination with approximately 4-6 mm of protrusion, which is the clinically significant range of protrusion and condylar guidance. [19, 20] Despite these drawbacks, the panoramic radiograph is useful for comparison of condylar guidance angles between right and left sides since it shows both the TMJs with relatively same magnification errors (×1.2). [20] [21] [22] [23] [24] Although significant correlation between the two methods showed that panoramic radiographic method may be used to set the condylar guidance values on the semi-adjustable articulator, further research should be done to give us more reliable and insightful conclusions using a larger sample size than the one used in this study.
CONCLUSION
Within the limitations of the study, it can be concluded that the correlation exists between the condylar guidance angles obtained by radiographic method and intraoral gothic arch tracing method. This suggests that, for programming of semi-adjustable articulators, panoramic radiographs can be used as a viable option to obtain condylar guidance angle in cases where intraoral gothic arch tracing method is difficult to perform.
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